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PHOTOELECTRIC CONVERSION DEVICE AND IMAGE PICK-UP 
SYSTEM USING THE PHOTOELECTRIC CONVERSION DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a 
photoelectric conversion device and mdre specifically 
to a photoelectric conversion device in which a 
signal charge from a photoelectric conversion region 
that accumulates electric charges corresponding to 
incident light is inputted to a field effect 
transistor that is provided for amplification. 
Related Background Art 

Fig. 10A is a plan view showing the structure 
of a conventional CMOS sensor, and Fig. 10B is a 
schematic sectional view taken along the line 10B-10B 
of Fig. 10A. As shown in Figs. 10A and 10B, a 
photodiode 1003 is formed in a p-well 1004. Electric 
charges accumulated in the photodiode 1003 are sent 
to a floating diffusion region 1011 and to a gate of 
a MOS transistor 1007, which is connected to the 
floating diffusion region 1011, when the electric 
potential of a transfer electrode 1006 is set to the 
high level. The MOS transistor 1007 amplifies the 
electric charges to output signals. As shown in Fig. 
10B, the photodiode 1003 adjoins to a photodiode 1010 
of an adjacent pixel and to a drain region 1005 of 
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the MOS transistor 1007, with a selectively oxidized 
film 1001 separating the photodiode 1003 from 1010 
and 1005. Note that a MOS transistor for reading 
electric charges accumulated in the photodiode 1010 
5 is omitted from Figs. 10A and 10B. There is a 

junction between the photodiode 1003 and the p-well 
1004, and of electrons and holes generated by 
irradiation of light, the electrons are accumulated 
in the photodiode 1003 whereas the holes are 

10 discharged toward a substrate 1008. The photodiode 
1003 is sandwiched between the p-well 1004 and a p+ 
region that is on the front side, constituting a 
buried photodiode . 

In the device structure that uses the 

15 selectively oxidized film 1001, when the photodiode 
1003 reaches saturation, electrons seep into the 
adjacent pixel (the photodiode 1010 in this example) 
instead of the drain region, causing cross talk. 

Denoted by 1002 is a channel stopper under the 

20 selectively oxidized film 1001. 

This device structure is contrasted by one 
disclosed in, for example, Japanese Patent 
Application Laid-Open No. 2000-260971, in which a 
photodiode is surrounded by diffusion layers or the 

25 like that are connected to a power source to make the 
diffusion layers double as a lateral overflow drain 
(LOD) . However, this is an insufficient solution 
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because carriers to be collected are also taken into 
the drain regions, thus lowering the efficiency. 

SUMMARY OF THE INVENTION 
5 A photoelectric conversion device of the 

present invention has a photoelectric conversion 
region for accumulating electric charges that 
correspond to incident light and an amplifying filed 
effect transistor into which a signal charge from the 
10 photoelectric conversion region is inputted, and is 
characterized in that: 

the photoelectric conversion region is 
surrounded by a potential barrier region; 

a nick region is formed in a part of the 
15 potential barrier region; and 

one of main electrode regions of the field 
effect transistor is placed adjacent to the nick 
region, the main electrode region having the same 
conductivity type as the photoelectric conversion 
20 region. 

The above-described photoelectric conversion 
device of the present invention improves the 
efficiency in collecting carriers (electric charges) 
generated by surrounding a pixel with a potential 
25 barrier and by using, if carriers to be accumulated 

in the photoelectric conversion region are electrons, 
a p type impurity or the like to form the potential 
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barrier. In this way, carriers can be prevented from 
seeping into adjacent pixels and other regions. 

In some cases, however, it is required to 
release carriers to a desired portion once the 
5 saturation is reached. For that reason, the 

potential barrier is partially removed, and a main 
electrode region (drain region, for instance) of the 
field effect transistor is placed in front of the 
nick in the barrier. At that time, within the range 

10 of the proximity effect of potentials, this effect is 
obtained merely by removing the impurity used to form 
the barrier. It is also possible to control the 
height of the barrier by adjusting the width of the 
gap that is left by the removal. 

15 The barrier may be further lowered by 

introducing an impurity to the region where the 
barrier is partially removed. This is achieved by 
introducing a dopant in a concentration lower than 
the barrier impurity concentration, or by counter 

20 doping of the region in question with a dopant of 
opposite conductivity type to thereby lower the 
effective impurity concentration of the region. As a 
result, excess carriers can steadily flow out to the 
lateral overflow drain (LOD) when the photodiode 

25 nears saturation. 

As described above, excess carriers are 
prevented from flowing into adjacent pixels or other 
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floating diffusion regions when the diode nears 
saturation by forming the LOD (lateral overflow 
drain) such that the photoelectric conversion region 
is surrounded by a potential barrier, a part of the 
5 barrier is removed to form a low barrier portion, and 
a main electrode region (drain region or source 
region) is placed in front of the low barrier portion. 
Accordingly, smearing and cross talk can be avoided 
and thus a photoelectric conversion device having 
10 higher sensitivity and less cross talk is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a plan view showing the structure of 

a photoelectric conversion device according to a 
15 first embodiment of the present invention, and Fig. 

IB is a schematic sectional view taken along the line 

IB-IB of Fig. 1A; 

Fig. 2A is a plan view showing the structure of 

a photoelectric conversion device according to a 
20 second embodiment of the present invention, and Fig. 

2B is a schematic sectional view taken along the line 

2B-2B of Fig. 2A; 

Fig. 3A is a plan view showing the structure of 

a photoelectric conversion device according to a 
25 third embodiment of the present invention, and Fig. 

3B is a schematic sectional view taken along the line 

3B-3B of Fig. 3A; 
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Fig. 4A is a plan view showing the structure of 
a photoelectric conversion device according to a 
fourth embodiment of the present invention, and Fig. 
4B is a schematic sectional view taken along the line 
5 4B-4B of Fig. 4A; 

Fig. 5A is a plan view showing the structure of 
a photoelectric conversion device according to a 
fifth embodiment of the present invention, and Fig. 
5B is a schematic sectional view taken along the line 
10 5B-5B of Fig. 5A; 

Fig. 6A is a plan view showing the structure of 
a photoelectric conversion device according to a 
sixth embodiment of the present invention, and Fig. 
6B is a schematic sectional view taken along the line 
15 6B-6B of Fig. 6A; 

Fig. 7A is a plan view showing the structure of 
a photoelectric conversion device according to a 
seventh embodiment of the present invention, and Fig. 
7B is a schematic sectional view taken along the line 
20 7B-7B of Fig. 7A; 

Fig. 8A is a plan view showing the structure of 
a photoelectric conversion device according to an 
eighth embodiment of the present invention, and Fig. 
8B is a schematic sectional view taken along the line 
25 8B-8B of Fig. 8A; 

Fig. 9 is a block diagram of a still video 
camera to which a photoelectric conversion device of 
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the present invention is applied; and 

Fig. 10A is a plan view showing the structure 
of a conventional photoelectric conversion device, 
and Fig. 10B is a schematic sectional view taken 
5 along the line 10B-10B of Fig. 10A. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Detailed descriptions will be given below on 
embodiments of the present invention with reference 

10 to the drawings. 
First Embodiment 

Fig. 1A is a plan view showing the structure of 
a photoelectric conversion device according to a 
first embodiment of the present invention, and Fig. 

15 IB is a schematic sectional view taken along the line 
IB-IB of Fig. 1A. As shown in Figs. 1A and IB, a 
photodiode (to serve as a photoelectric conversion 
region) 3 is formed in a p-well 4. Electric charges 
accumulated in the photodiode 3 are sent to a 

20 floating diffusion region 13 and to a gate of a MOS 
transistor 7, which is connected to the floating 
diffusion region 13, when the electric potential of a 
transfer electrode 6 is set to the high level. The 
MOS transistor 7 amplifies the electric charges to 

25 output signals. As shown in Fig. IB, the photodiode 
3 adjoins to a photodiode 10 (to serve as a 
photoelectric conversion region) of an adjacent pixel 
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with a selectively oxidized film 1 separating the 
photodiode 3 from the photodiode 10 (the selectively 
oxidized film 1 surrounds the perimeters of the 
photodiodes 3 and 10) . Reference numeral 2 denotes a 
5 channel stopper (channel stopping layer) under the 

selectively oxidized film 1. Denoted by 5 is a drain 
region as a main electrode region of the MOS 
transistor 7. Reference numeral 8 represents a 
substrate and 14 , a gate of a resetting MOS 

10 transistor that is provided to reset the floating 
diffusion region 13 to a given electric potential. 
Note that, although the main electrode region in this 
embodiment is the drain region, a source region of a 
field effect transistor may serve as the main 

15 electrode region, A MOS transistor for reading 

electric charges accumulated in the photodiode 10 is 
omitted from Figs. 1A and IB. Of electrons and holes 
generated by irradiation of light, the electrons are 
accumulated in the photodiode 3 whereas the holes are 

20 discharged toward the substrate 8. The photodiode 3 
is sandwiched between the p-well 4 and a p+ region 
that is on the front side, constituting a buried 
photodiode. The photodiode 3, which is formed in the 
p-well 4 in this embodiment, may instead be formed on 

25 a semiconductor substrate or in an epitaxial layer. 
The drain region 5 is desirably connected to a fixed 
electric potential or a similar electric potential. 
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Denoted by 9 is a nick region (overflow channel 
region) where a potential barrier, which is between 
the photodiode and the drain region in the 
photoelectric conversion device shown in Figs. 10A 
5 and 10B, is not formed. The potential barrier here 

is constituted of the selectively oxidized film 1 and 
the channel stopping layer 2 that is directly below 
the film 1. By forming the nick region (overflow 
channel region) 9, the potential barrier is 

10 intentionally lowered in that region. In addition to 
the nick region 9, the selectively oxidized film 1 
that surrounds the photodiodes 3 and 10 and the 
channel stopping layer 2 underneath the film 1 are 
also nicked at a region directly below the transfer 

15 electrode 6. This is for allowing electric charges 
to transfer from the photodiode 3 to the floating 
diffusion region 13. 

As a result, when the photodiode 3 nears 
saturation, excess carriers flow out to the drain 

2 0 region 5 through the overflow channel region 9 where 
the barrier is low. Excess carriers are thus 
prevented from seeping into the photodiode 10 of the 
adjacent pixel, and the incidence of cross talk is 
reduced. 

2 5 Fig. IB deals with only impurity distribution. 

As to potential distribution, potentials are 
distributed throughout a region (potential barrier) 



12 that is a bit larger than the channel stopping 
layer 2 to block carrier leakage into the photodiode 
10 of the adjacent pixel. 
Second Embodiment 

Fig. 2A is a plan view showing the structure of 
a photoelectric conversion device according to a 
second embodiment of the present invention, and Fig. 
2B is a schematic sectional view taken along the line 
2B-2B of Fig. 2A. In Figs. 2A and 2B, structural 
members that are identical with those in Figs. 1A and 
IB are denoted by the same reference numerals, and 
explanations thereof are omitted. 

This embodiment differs from the first 
embodiment in that a buried potential barrier layer 
(to serve as a buried isolation region) 11 is formed 
under the channel stopping layer 2 using a p type 
impurity to surround the photodiodes 3 and 10. A 
nick region 29 serves as an overflow channel region 
similar to the overflow channel region 9 of the first 
embodiment. Specifically, the nick region 29 is a 
region where the selectively oxidized film 1 and the 
channel stopping layer 2 are not formed. Fig. 2B 
mainly deals with impurity distribution. As to 
potential distribution, potentials are distributed 
throughout the region (potential barrier) 12 that is 
a bit larger than the channel stopping layer 2 and 
the potential barrier layer 11. The region 12 is. 



indicated by a dot-dash line in the drawing, and is 
connected to the channel stopping layer 2 and the 
potential barrier layer 11 to form a wall in the 
longitudinal direction. With this structure, 
carriers (electrons) overflowing from the photodiode 
3 are inclined to head toward the drain region 5 even 
more. Therefore, cross talk to the photodiode 10 of 
the adjacent pixel can further be reduced. 

This embodiment and the following embodiments 
are different from the first embodiment in that the 
gates of the transfer transistors of the photodiodes 
3 and 10 are formed from the same layer. However, 
the gates of the transfer transistors may be formed 
separately as in the first embodiment. The same 
applies to the gates of the resetting MOS transistors. 
Third Embodiment 

Fig. 3A is a plan view showing the structure of 
a photoelectric conversion device according to a 
third embodiment of the present invention, and Fig. 
3B is a schematic sectional view taken along the line 
3B-3B of Fig. 3A. In Figs. 3A and 3B, structural 
members that are identical with those in Figs. 2A and 
2B are denoted by the same reference numerals, and 
explanations thereof are omitted. 

In this embodiment, the buried potential 
barrier layer 11 and the channel stopping layer 2 
above the layer 11 surround the photodiodes 3 and 10 
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as in the second embodiment. The difference between 
the two embodiments is that, in the third embodiment, 
the potential barrier layer 11 is absent only in a 
nick region 39, which is between the photodiode 3 and 
the drain region 5. 

In Fig. 3B, potentials are distributed in the 
region (potential barrier) 12 that is a bit larger 
than the channel stopping layer 2 and the potential 
barrier layer 11. The region 12 is indicated by a 
dot-dash line in the drawing, and is connected to the 
perimeters of the channel stopping layer 2 and the 
potential barrier layer 11, or to the channel 
stopping layer 2 and the potential barrier layer 11, 
to form a wall in the longitudinal direction. The 
potential barrier layer 11 is nicked only in the nick 
region 39, thereby causing excess carriers to flow 
out to the drain region 5 through the interior of the 
substrate. In this way, cross talk between pixels is 
prevented. 
Fourth Embodiment 

Fig. 4A is a plan view showing the structure of 
a photoelectric conversion device according to a 
fourth embodiment of the present invention, and Fig. 
4B is a schematic sectional view taken along the line 
4B-4B of Fig. 4A. 

This embodiment differs from the third 
embodiment in that polarities of a well and a 
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substrate are reversed, that is, an n-well 104 and a 
p-substrate 108 are used. 

As shown in Figs. 4A and 4B, a photodiode (to 
serve as a photoelectric conversion region) 103 is 
5 formed in an n-well 104. Electric charges 

accumulated in the photodiode 103 are sent to a 
floating diffusion region 113 and to a gate of a MOS 
transistor 107, which is connected to the floating 
diffusion region 113, when the electric potential of 

10 a transfer electrode 106 is set to the high level. 

The MOS transistor 107 amplifies the electric charges 
to output signals. As shown in Fig. 4B, the 
photodiode 103 adjoins to a photodiode 110 (to serve 
as a photoelectric conversion region) of an adjacent 

15 pixel with a selectively oxidized film 101 separating 
the photodiode 103 from the photodiode 110. 
Reference numeral 102 denotes a channel stopper under 
the selectively oxidized film 101. Denoted by 105 is 
a drain region (to serve as a main electrode region) 

20 of the MOS transistor 107. Reference numeral 108 
represents a p-substrate and 114, a gate of a 
resetting MOS transistor that is provided to reset 
the floating diffusion region 113 to a given electric 
potential. Note that, a MOS transistor for reading 

25 electric charges accumulated in the photodiode 110 is 
omitted from Figs. 4A and 4B. The photodiode here is 
formed in a well but may instead be formed on a 
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semiconductor substrate or in an epitaxial layer. 
The drain region is desirably connected to a fixed 
electric potential or a similar electric potential. 
The p-substrate, which is placed beneath the 
5 photodiode 103 as a substrate having the conductivity 
type opposite to the conductivity type of the 
photodiode 103, may be replaced by any semiconductor 
region such as an embedded layer or a semiconductor 
substrate as long as its conductivity type is 

10 opposite to that of the photodiode 103. 

In this embodiment, the channel stopping layer 
102, the potential barrier layer 111 and the 
substrate 108 constitute barriers that surround the 
photodiodes 103 and 110 three-dimensionally . This 

15 makes it possible to isolate one pixel from another, 
and accordingly more carriers can be collected. In 
Fig. 4B, potentials are distributed in a region that 
is a bit larger than the p-substrate 108, the channel 
stopping layer 102, and the potential barrier layer 

20 111. The distributed potentials form a three- 
dimensional potential wall 112, which is indicated by 
a dot-dash line in the drawing and which is connected 
to the perimeters of the p-substrate 108, the channel 
stopping layer 102, and the potential barrier layer 

25 111, or to the p-substrate 108, the channel stopping 
layer 102, and the potential barrier layer 111. Thus 
pixels can be electrically isolated from one another. 
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The potential barrier layer 111 is nicked only in a 
nick region (overflow channel) 109 in order to obtain 
the overflow function and deliver excess electric 
charges to the drain region 105 without fail. The p+ 
5 region 111 (to serve as a buried isolation region) is 
positioned such that the MOS transistor 107 is 
protected against intrusion of carriers from the 
depth direction. To be specific, the p+ region 111 
is placed directly below the MOS transistor 107. The 

10 p+ region 111 is also formed under the transfer 

electrode 106 and the resetting electrode 114 each. 
Another p+ region 111 may be formed under the 
floating diffusion region 113. 
Fifth Embodiment 

15 Fig. 5A is a plan view showing the structure of 

a photoelectric conversion device according to a 
fifth embodiment of the present invention, and Fig, 
5B is a schematic sectional view taken along the line 
5B-5B of Fig. 5A. In Figs. 5A and 5B, structural 

2 0 members that are identical with those in Figs. 4A and 
4B are denoted by the same reference numerals and 
explanations thereof are omitted. 

This embodiment differs from the fourth 
embodiment in that the width of the overflow channel 

25 109 as a nick region is controlled to control the 
height of the channel barrier. 

The overflow channel 109 in this embodiment is 
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narrower in width than in Fig. 4A in order to 
suppress overflow. This is utilization of the fact 
that the potential barrier is dependent not only on 
impurity distribution but also on proximity effect of 
5 the potential barrier. Specifically, the effect is 
obtained by setting the width of the overflow channel 
109 to 2 [xm or less. If the gap width is about 0.8 
Mm, a barrier appropriate as an LOD (lateral overflow 
drain) can be formed. Pixels can be isolated from 

10 one another because of the potential wall 112 as in 
the fourth embodiment. 
Sixth Embodiment 

Fig. 6A is a plan view showing the structure of 
a photoelectric conversion device according to a 

15 sixth embodiment of the present invention, and Fig. 

6B is a schematic sectional view taken along the line 
6B-6B of Fig. 6A. In Figs. 6A and 6B, structural 
members that are identical with those in Figs. 5A and 
5B are denoted by the same reference numerals and 

20 explanations thereof are omitted. 

In this embodiment, the overflow channel 10 9 of 
the fourth embodiment is doped to create as an LOD an 
impurity distribution in lower concentrations than 
the normal barrier layer 111. This is achieved by 

25 doping the overflow channel (to serve as an impurity 
diffusion region) 109 alone with an impurity in low 
concentration, or through counter doping of the 



- 17 - 



overflow channel region 10 9 using an impurity whose 
conductivity type is opposite to that of the barrier 
layer 111. Pixels can be isolated from one another 
because of the potential wall 112 as in the fourth 
5 embodiment . 

Seventh Embodiment 

Fig. 7A is a plan view showing the structure of 
a photoelectric conversion device according to a 
seventh embodiment of the present invention, and Fig. 

10 7B is a schematic sectional view taken along the line 
7B-7B of Fig. 7A. In Figs. 7A and 7B, structural 
members that are identical with those in Figs. 4A and 
4B are denoted by the same reference numerals and 
explanations thereof are omitted. 

15 This embodiment is a modification of the fourth 

embodiment, and an overflow channel is formed by 
weakening the barrier in the substrate direction. A 
portion of the potential barrier layer 111 that is 
below the drain region 105 alone is removed, so that 

20 the potential barrier layer 111 does not extend to 

the area below the drain region 105 (the nick region 
109) . In this way, excess carriers from the 
photodiode 103 are delivered to the drain region 105 
through the nick region 109. Similar to the fifth 

25 embodiment, the degree of overflow of the LOD can be 
controlled in this embodiment by adjusting the width 
of the nick region 109. Pixels can be isolated from 
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one another because of the potential wall 112 as in 

the fourth embodiment. 

Eighth embodiment 

Fig. 8A is a plan view showing the structure of 
5 a photoelectric conversion device according to a 

eighth embodiment of the present invention, and Fig. 

8B is a schematic sectional view taken along the line 

8B-8B of Fig. 8A. In Figs. 8A and 8B, structural 

members that are identical with those in Figs. 7A and 
10 7B are denoted by the same reference numerals and 

explanations thereof are omitted. 

In this embodiment, the overflow channel 109 of 

the seventh embodiment serving as a nick region is 

doped to create as an LOD an impurity distribution in 
15 lower concentrations than the normal barrier layer 

111. This is achieved by doping the nick region 109 

alone with an impurity in low concentration, or 

through counter doping of the nick region 109 using 

an impurity whose conductivity type is opposite to 
20 that of the barrier layer 111. Pixels can be 

isolated from one another because of the potential 

wall 112 as in the fourth embodiment. 

The conductivity type of every impurity in the 

embodiments described above is specified as either p 
25 or n. Note that this is solely for ease of 

understanding and that the same effect is obtained 

even if those polarities are reversed. 
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Described next is an image pick-up system that 
uses one of the photoelectric conversion devices of 
the above embodiments. A detailed description is 
given with reference to Fig. 9 on an example of 
5 integrating a photoelectric conversion device of the 
present invention with a scanning circuit and other 
circuits for reading signals to obtain a solid state 
image pick-up device and applying the solid state 
image pick-up device to a still camera. 

10 Fig. 9 is a block diagram of a still video 

camera to which a photoelectric conversion device of 
the present invention is applied. 

In Fig. 9, reference numeral 201 denotes a 
barrier that doubles as a lens protector and a main 

15 switch, 202 represents a lens for forming an optical 
image of a subject in a solid state image pick-up 
device (photoelectric conversion device) 204, and 203 
designates a diaphragm for varying the amount of 
light that passes through the lens 202. The solid 

20 state image pick-up device 204 picks up as a video 
signal an image of a subject which is formed by the 
lens 202. Denoted by 206 is an A/D converter for 
analog-digital conversion of a video signal outputted 
from the solid state image pick-up device 204. 

25 Reference numeral 207 denotes a signal processing 
unit for correcting in various ways image data 
outputted from the A/D converter 206 and for 
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compressing the data. Reference numeral 208 
represents a timing generator for outputting various 
timing signals to the solid state image pick-up 
device 204, an image pick-up signal processing 
5 circuit 205, the A/D converter 206, and the signal 
processing unit 207. Denoted by 209 is a whole 
controlling and arithmetic operation unit for 
performing various calculations and for overall 
control of the still video camera. Reference numeral 

10 210 is a memory unit for storing image data 

temporarily. Reference numeral 211 represents an 
interface unit for recording data in a recording 
medium or reading data from a recording medium. 
Reference numeral 212 is a detachable recording 

15 medium such as a semiconductor memory for recording 
and reading of image data. Reference numeral 213 
represents an interface unit for communicating with 
an external computer or the like. 

An image shooting operation of the still video 

20 camera structured as above is described next. 

The barrier 201 is opened turning a main power 
on. Then, the control system is turned on, and the 
circuits of the image pick-up system such as the A/D 
converter 206 are turned on. 

25 Subsequently, the whole controlling and 

arithmetic operation unit 209 opens the diaphragm 203 
to control the light exposure amount. A signal 
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outputted from the solid state image pick-up device 
204 is converted by the A/D converter 206, and the 
converted signal is inputted to the signal processing 
unit 207. Based on the inputted data, the whole 
5 controlling and arithmetic operation unit 209 
calculates exposure . 

The brightness is judged from the result of the 
photometry, and the whole controlling and arithmetic 
operation unit 209 adjusts the diaphragm according to 

10 the results. 

Next, the whole controlling and arithmetic 
operation unit 209 calculates the distance from the 
subject extracting a high frequency component from 
the signal outputted by the solid state image pick-up 

15 device 204. The lens is then driven, and it is 

judged whether the subject is in focus or not. If 

the subject is not in focus, the lens is driven again, 

and the distance is measured. 

After it is confirmed that the subject is in 

20 focus, actual light exposure is started. As the 

light exposure is completed, a video signal outputted 
from the solid state image pick-up device 204 
receives A-D conversion in the A/D converter 206. 
The converted signal passes through the signal 

25 processing unit 207 and is written in the memory unit 
by the whole controlling and arithmetic operation 
unit 209. Thereafter, data accumulated in the memory 
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unit 210 are sent through the recording medium 
control I/F unit 211 by the whole controlling and 
arithmetic operation unit 209 to be recorded in the 
detachable recording medium 212 such as a 
5 semiconductor memory. Alternatively, the accumulated 
data may be sent through the external I/F unit 213 to 
be inputted directly to a computer or the like for 
image processing . 

Given above are descriptions of embodiments of 
10 the present invention while preferred modes of 

carrying out the present invention are listed below, 
(Preferred Mode 1) 

A photoelectric conversion device including: a 
photoelectric conversion region for accumulating 
15 electric charges that correspond to incident light; 
and an amplifying filed effect transistor into which 
a signal charge from the photoelectric conversion 
region is inputted, characterized in that: 

the photoelectric conversion region is 
20 surrounded by a potential barrier region; 

a nick region is formed in a part of the 
potential barrier region; and 

one of main electrode regions of the field 
effect transistor is placed next to the nick region, 
25 the main electrode region having the same 

conductivity type as the photoelectric conversion 
region. 
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(Preferred Mode 2) 

A photoelectric conversion device according to 
Preferred Mode 1, characterized in that the potential 
barrier region includes at least a selectively 
5 oxidized film and a channel stopping layer directly 
below the selectively oxidized film. 
(Preferred Mode 3) 

A photoelectric conversion device according to 
Preferred Mode 1, characterized in that the potential 
10 barrier region includes at least a buried isolation 

region whose conductivity type is opposite to that of 
the photoelectric conversion region. 
(Preferred Mode 4) 

A photoelectric conversion device according to 
15 any one of Preferred Modes 1 through 3, characterized 
in that the photoelectric conversion region is formed 
in a low impurity concentration region that is doped 
with an impurity of the same conductivity type as the 
photoelectric conversion region in a concentration 
20 lower than the impurity concentration of the 
photoelectric conversion region. 
(Preferred Mode 5) 

A photoelectric conversion device according to 
Preferred Mode 4, characterized in that a buried 
25 isolation region whose conductivity type is opposite 
to the conductivity type of the photoelectric 
conversion region is , formed below the field effect 
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transistor. 
(Preferred Mode 6) 

A photoelectric conversion device according to 
Preferred Mode 5, characterized in that the buried 
5 isolation region placed below the field effect 
transistor surrounds a region larger than the 
photoelectric conversion region, and that the region 
surrounded by the buried isolation region functions 
as a photosensitive region. 
10 (Preferred Mode 7) 

A photoelectric conversion device according to 
any one of Preferred Modes 1 through 6, characterized 
in that an impurity diffusion region whose 
conductivity type is opposite to the conductivity 
15 type of the photoelectric conversion region is 
provided in the nick region. 
(Preferred Mode 8) 

A photoelectric conversion device according to 
Preferred Mode 5, characterized in that the buried 
20 isolation region is not placed in an area below the 
one main electrode region of the field effect 
transistor, at least, a part of the area. 
(Preferred Mode 9) 

A photoelectric conversion device according to 
25 Preferred Mode 1, characterized in that the potential 
barrier region includes at least a semiconductor 
region whose conductivity type is opposite to the 
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conductivity type of the photoelectric conversion 
region, and that a buried region that is doped with 
an impurity of the same conductivity type as the 
semiconductor region in a concentration lower than 
5 the impurity concentration of the semiconductor 
region is placed in the nick region, 
(Preferred Mode 10) 

A photoelectric conversion device according to 
Preferred Mode 4, characterized in that the low 
10 impurity concentration region is a semiconductor 
substrate, an epitaxial layer, or a well, 
(Preferred Mode 11) 

A photoelectric conversion device according to 
any one of Preferred Modes 1 through 10, 
15 characterized in that the one main electrode region 
is connected to a fixed electric potential or a 
similar electric potential. 
(Preferred Mode 12) 

A photoelectric conversion device according to 
20 any one of Preferred Modes 1 through 11, 

characterized in that a semiconductor region whose 
conductivity type is opposite to the conductivity 
type of the photoelectric conversion region is placed 
below the photoelectric conversion region. 
25 (Preferred Mode 13) 

An image pick-up system characterized by 
including: a solid state image pick-up device 



according to any one of Preferred Modes 1 through 12; 
an optical system for forming an image in the solid 
state image pick-up device; and a signal processing 
circuit for processing a signal outputted from the 
solid state image pick-up device. 

As described above, according to the present 
invention, excess carriers are prevented from flowing 
into adjacent pixels or other floating terminals when 
the diode nears saturation by forming an LOD (lateral 
overflow drain) such that the photoelectric 
conversion region is surrounded by a potential 
barrier, a part of the barrier is removed to form a 
low barrier portion, and a main electrode region of 
the field effect transistor is placed in front of the 
low barrier portion. Accordingly, smearing and cross 
talk can be avoided, and thus a photoelectric 
conversion device having higher sensitivity and less 
cross talk is obtained. 



